Abstract -Geographic Information System (GIS) is an information technology that is readily applied as a decision aid for a variety of water resource applications. System dynamics as a method of computer simulation of dynamic systems is based on the basic concept of stock with incoming and outgoing flows. In most real-world problems the change in the level of the basin is considered to be the result of summation of incoming and outgoing flows over a certain period of time, taking into account the initial level of the basin. This makes system dynamics an appropriate tool for modelling the behaviour of water basins. A digital terrain model consists of a digital elevation model and a digital model of the situation. For the needs of system dynamics modelling in this case-study only the digital elevation model (DEM) is used. GIS product -DEM -usage in system dynamics models advances simulation-based analysis and decision making for local and regional operational forecasting.
I. INTRODUCTION
Recently many of GIS projects have been implemented with the use of digital elevation models (DEMs). Actual examples from different human activity areas are Afghanistan Geological Survey and U.S. Geological Survey 2010 Minerals Project, Sutton Common Project in Archaeology, US National Tsunami Hazard Mitigation Program, Okavango Delta Management Plan and other projects and research programs. The tasks that can be solved with the help of DEM are diverse and among them one can find: (a) the calculation of grades and aspects that is important in the construction of roads and pipelines and in agriculture, when the fields for crops with different requirements for lighting are selected; (b) the surface water flow analysis on a territory; (c) flood modelling and other tasks [3] .
II. GIS AND DEM FOR SYSTEM SIMULATION
GIS is a tool to capture process and store spatial geographical data and information about related objects. Nowadays GIS are complex hardware and software systems. The information may be obtained from remote sensing or digitization of map information. Two main approaches to store data in GIS are raster images and vector graphics. Digital Elevation Models (DEMs) are a type of raster GIS layer [1] . The integration of a raster DEM into a simulation model will provide extra potential to system simulation in flood event simulation area.
When forecasting the flooding of a territory, the main source of information about the area is its digital model [3] . The use of digital models significantly saves time and labour in comparison with the traditional technology of the extraction of information from topographic plans or maps. Extraction of accurate DEMs is important for flood planning, map generation, three-dimensional GIS, erosion control, environmental monitoring, and other applications. The accuracy of DEMs based on space images mainly depends on the image resolution, height-to-base-relation, and image contrast [2] .
A digital terrain model consists of a digital elevation model and a digital model of the situation. For the needs of system dynamics modelling in this case-study only the digital elevation model is used. DEM is digital data, in which each point represents x, y, and z coordinates or latitude, longitude and height describing the bare soil [5] . A grid format DEM stores elevations in a regular array, very much like a raster image comprised of pixels (Fig. 1) .
The raster model of the terrain is a subset of the broader class of raster models that can represent the distribution of any quantity (temperature, the exposition of the slopes, etc.) on the surface of the earth. For the purposes of this article, let us consider a simplified geometrical raster model of the reservoir V as a structure 

; n -the number of items in the set S, h H n   ; H -the maximum depth of the reservoir, relative to the selected base mark.
The level of the basin h does not exceed a certain base mark.
h -the current level of the reservoir, which is defined with a precision of up to h  ; h  -the increment of measurements of vertical size of the object, the size of the raster; determines the accuracy of the model (up-to-date DEMs provide planimetric resolution of 1 m and even finer [8] ).
Within the approach, the natural object -basin -is described as a discrete mathematical structure, which can be used in the mathematical modelling of the changes of the basin level.
In most real-world problems the change in the level of the basin   t V is considered to be the result of summation of incoming and outgoing flows over a certain period of time, taking into account the initial level of the basin. Intensity of incoming in F and outgoing out F flows can be obtained in the form of water consumption (water volume flowing through the cross-section of the flow per time unit, usually in m 3 /sec). This kind of data can be obtained for some particular points of time and can be interpreted as time-series:
Then (3) or taking into account the discrete nature of measurements of levels and flow rates in such systems
The latter equation makes it possible to assert that Forrester's system dynamics may be an appropriate tool to determine a reservoir level at particular points of time with time increment t  , taking into account the assumptions about the nature of the input data.
III. SYSTEM DYNAMICS FOR FLOOD SIMULATION
In system dynamics continuous models the time steps are constant, time advance is regular and the state variable changes are directly linked to time advance, and simulated system state variable values display the state of the system at any particular time. In system dynamics models the flows may be interpreted as flows of liquids in pipes, at any time the liquid volume could vary, but flows in general are continuous. Flow intensities are constant during a single fixed time step.
System dynamics (SD) simulation models are discrete-time models, which implement one of the basic system specification formalisms -Discrete Time System Specification (DTSS). Discrete time models belong to the most intuitive dynamic system models [6] .
Discrete time model formalism provides step-by-step simulation. At any time t the model state is exactly and unambiguously defined, and this state determines the model state at time t + . t  System dynamics models are developed using a fairly small number of model element types. The main SD model elements are: (a) levels or stocks -the elements for simulating quantities of some objects or resources; (b) flows for simulating the intensities or rates of level changes; (c) decision functions and variables and (d) informative connectors simulating the information exchange between model elements.
Among model elements there are "flows", which can be used to simulate a variety of natural flow objects within system dynamics models. In system dynamics any type of "savings" are simulated as stocks, e.g., product inventory item in transit, cash in a bank, the staff of a company, requests for assistance system, means of transport on a road, liquid in a reservoir, tank or basin, etc. Stocks are simulated as variables. At any simulation time t the stock variable value can be derived from the stock variable value at time t t   . Here t  is a constant value, which was determined before the simulation run and is appropriate for the current study of the system under investigation.
The stock values provide information about the state of the simulated system at any particular simulation time t. The flow rates provide changes of stock values and characterize the activity of the system. In general, the equations for decision functions determine system behaviour. Decisions are made on the basis of the values of stock variables and flow rates. Information links provide data exchange between elements of the model.
Model behaviour and simulation results are dependent on the determined time step value . t  In practice, this means that a discrete model is developed and the model state changes after every time step . t  When the time step t  is large, the model can give inaccurate results. In turn, with fine time steps t  simulation results should be reasonably accurate, but the volume of performed calculations and the volume of the saved model data will increase dramatically. The correct choice of t  value depends on the goals of the simulation project and on the experience of the author of the model. System dynamics software makes it possible to describe the simulated system behaviour with first-order difference equations. The "current" model state is derived from the previous state using these equations. The basis of system dynamics theory was formulated in the 1960s and is widely applied to a global problem theoretical analysis. Jay Forrester, the founder of system dynamics, defined the system dynamics approach emphasizing the role of feedbacks: an approach to continuous dynamic systems analysis by treating such systems as informative systems with systemic feedbacks. Feedbacks as specific system elements are mostly associated with the
philosophy of system dynamics, whereas computer model development is based on DTSS formalism. The models are formalized as a set of first-order difference equations, which are solved sequentially after time steps . t  The solutions provide simulation progress over time.
Taking into account the above-mentioned considerations, one can suggest that system dynamics may be applied as a method of investigation of some types of dynamic hydraulic systems. Such characteristic elements of system dynamics models as levels and flows directly encourage modelling the main objects of hydraulic systems. The concept of constant time step t  is associated with the periodicity of observations of the natural water objects. The principle of information feedback can be used for realistic modelling and simulation of reservoirs with input and output flows. The main challenge in this area is to formulate the basic principles of arbitrary shape reservoir simulation.
IV. THE CONCEPTUAL MODEL OF BASIN LEVEL ESTIMATION
Let us consider an object that represents a basin of irregular shape, described as a simple raster model and formulated on the basis of lines of equal level (Fig. 1) .
Basin surface elevation contour makes it possible to generate a DEM from contour lines and scattered data. The altitude difference between the lines of equal level h  allows for the estimation of the volume of the basin along the lines of equal level. Data on the basin volume in relative units are presented in Table I .
The basin level function of the volume is shown in Fig. 2 .
The available information about the basin makes it possible to develop the system dynamics model of the basin suitable for simulation of the level changes in the basin under various scenarios. The water regime of the basin is determined by its geometrical properties and incoming flow Q, which is defined with a hydrograph, as shown in Fig. 3 . The outgoing flow is formed at the exit from the basin. 
V. SIMULATION SOFTWARE AND SYSTEM DYNAMICS MODEL
System dynamics software, e.g., Analytica, AnyLogic, DYNAMO, Stella, iThink and others provide very similar tools for model creation, even the conceptual models in various software environments look similar. Vensim PLE software is a tool that allows conceptualizing, developing and simulating dynamic systems of various natures using system dynamics method and has outstanding features for analysing and optimizing models of these systems. The model of the basin is developed using Vensim PLE software. The fragment of the model overview is shown in Fig. 4 . The share of the volume of the basin, determining the level of the reservoir, is represented in the model with VENSIM object of type Level. The total input flow in the form of a hydrograph is specified using the VENSIM Graph Lookup function, see Automatic sensitivity analysis is not available in Vensim PLE; nevertheless, the comparison of alternative scenarios can be performed. An example of comparison of the simulation results -basin level time-series -is shown in Fig. 7 .
The verification of the system dynamics model of a simple basin is performed analytically.
The results shown in Fig. 7 are obtained by simulating the hydrographs with different rates and allow making conclusions regarding the magnitude and duration of changes of the basin level.
VII. CONCLUSION
This paper is the first study to use the DEM in a particular area -system dynamics. It is obvious that the object and scenarios considered in this case study are simplified. It should be mentioned that the feedback principle, which is typical of system dynamics models and reinforces effective forecasting, is not fully used in this case study. Nevertheless, it is possible to formulate the main principles of construction of system dynamics model of the basin and the main data requirements for model development of this type. More research is needed on the accuracy of simulation results depending on the complexity increase in the simulated object for closer similarity to real reservoirs. [4] . Further research in this area should be conducted to evaluate the effects of vertical uncertainty on the accuracy of simulation results and to consider ground water flows for higher model reliability. 
